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ABSTRACT 



Vart I of this bulletin briufly ic- 
V i Q h i^ n ( jvtn i n Anu* r i c a n I n cl tan mo r t a 1 1 L y 
and f^^rtillty as a moans of 11 lust rating 
tho p^BBt\gn of this population through a 
trariBitinn firocoBs muah llho that oKperi- 
encuci by populations of developing nations. 
Part ri iB an analysis of variations in 
ecofKOWUc md social organization in differ- 
ent iMHttB of the Navajo Rcsorvation * Part 
lit uaos data from tho Indian Health Hnrv- 
ice* to s5how how mortality and fertility 
ratos vary across the resorvation in ro- 
spOHBO to tho QGonomic variations^ do- 
scr i b«d i n Par t 1 1 * 



Wf? fRKfcjeGt that tho ci.aiitorn and of 
tho irc^ervation is mnro hiqhly duvelopud 
ocorioiiucaliy than is tho was tarn ond. 



This dlfforunct? ie roflBcttid in (I) higher 
mortality and fertility raten in thtj wc^st; 
(2) hiqhur rnalu death rates in the^ fjant; 
and (3) a tondoncy for cauaos of df?ath in 
Lhn wust to be infoctious rather than man^ 
made in origin * Wo also sugqijrit that the 
most important cause of death among Nav^ 
ajos at prcsont^-aecidGntS""- appear ?i not 
to bo suscGptiblG to the kind of curative 
modlcino that has boon practiced so r»un- 
cess fully in the past. Other modalities 
aimed at the understanding and prevention 
of this phGnomenon need to bo tlevelopjed* 
In the absence of significant oGononiic 
dovelopmGnt in the western part of tho 
reservation, we expect that thie popu- 
lation will continue to lag behind the 
(_*a stern population in the rate at v^hich 
its' fertility rates dncline* 
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THE RELATIONSHIP OF ECONOMIC 
VARIATIONS TO MORTALITY AND 
FERTILITY PATTERNS 
ON THE NAVAJO RESERVATION 



I. INTRODUCTION 

Thoviqfi Hum - i r.i avid(M)c:n that: many 

or lor>fi aucc<frM^fu1 attf^^mpts lo raguLatu 
their iumbnrn . it /.ippuarn to bu cfonF^rully 

thnt during tho process of trann-^ 
formation of tliufiO sociotioH to industrial 
or colonial ntatu3, a dqvLqd of charrictcr^ 
istic cluincreB / u^uiall y dcniqnatfjd tho clomo 
qraphia tranE^ifcion, occur* Mortality 
rntos firet inarnana and than dociinc* 
Tho chief cauBOB of mortality and morbid- 
ity Bhift from Infectious and opicloniic 
diBoa^et^ to doq*onarat i^/u diiioastjs ciiid t ac- 
tors of nianmddc oriqin (Omran 1970) . 
l\o3t factors of a priycho-BaGial nature 
aqsunio r^iafiiv^ly gre^atf^r ?iiqni finance 
in th^'* .M inloav nC cii^ioaBu (Canoal 19 70) ? 
nnd f(^rtilL^:y IXK-nmcn of moro importanc^^ 
than mort.ilifv tn dotonn iiu nq pa|>ulatiQn 
qrowth. (nmran 1970). AUio, the concern 
of h'Vi Ith-f^arc prnvlrlf^rs and of thu popu-- 
lation BliLft;^ £roni Uiqh^o distiaijc:?^ that am 
rapidly fatal to the sequalae of morbid- 
ity. Those chanqos have more Impact on 
infant and {uhUt female mortality than on 
adult nuio ninrtality. Ilencn, life oKpect- 
ancy of f etna lea increasos more rapidly 
than that of males and the ago-sex pyraitiid 
shifts <CoalG 1956) , Ono notable chancjG 
is that the sex ratio (numljer of inales par 
100 feinalen) tendR to decrease Cor all 
agoa beyond ehildhood, 

Although the precise causal relation- 
ships betwoan modernization and the 

EKLC 



dculine in murt>nlJ,ty and rertillty atM nut 
vveH iindarriLond^ it is genarally aqreud 
tluit rUK'h d relat LQ?nnhip uxiatn in the 
nnnno thai: incre^u^^d tiindernizatinri cautKH^ 
decrnancn in in^^rtnUty and i'r-rtility. fht' 
notion of. modorhi WIU: iun i howc^ver ^ in in 
itnnIC prnblcnuitie, Ft qnnfcuviny reform 
to a cUiijter ot f(K:torH, includinq iricreaf^- 
inq literacy; indy^trinl deve iopnient ; an 
uuoneray b a Lied upK>n omh rather than bai teri 
and Increasing pr.t r^npita con^nimption at 
(!nurgy. Indeofj^ tlnin lant factor haj^ been 
unod ar; an iiulicator ^>f im^dnrnl v^a t len in 
fjomo cro.^u^-^nn t: j.gifjqj, fjUiciier:; (Irwin 19715}. 

Not only iB the nation of mnderniza-- 
tion problematic* feaut, an im}>lied above, 
it in not entiroly clenr hi^w modMrni^^a-- 
tian leads to cb^inyeD in vital raten. 
Certainly decilning niortAlity rtitee re- 
Bultinq Eroiw imprqVf^d nutritiun, hygiene, 
and hoalth carG airo: important factors * 
but once mortalit^v iB reduced , why do 
Homo populations uentinue to have hi<iher 
fertility ttian others? neveral faetorn 
have been implimt^d, includlnq differ-- 
ential odiica tionk^ I attainment, reiiqious 
valued, the Rtrueturo of the economy 
(H^manfiki 1074^? thv kinGhi)? rietwork, 
and cunjuq^il re!jf>U:^.oiif5hi ps . 

We e a a no t ; po, ^: i f y hv re till 1 h 
cauE^al uonnecti Offi^l between LK/unninie change 
and birth and 4^;j^th ratea, Wu asfiert, how- 
ever, that ae thm 4oqrQQ of literacy and 
i n du B t r i a 1 i ^ a 1 1 On I nc r e a bob i and as a 
ca n h r on omy r ej/i w e ^? u h r i r t cn\n e "in a 
socioty, first mprfeality and then fertil- 
ity rates begin to decline. Althouqh this 
is a description the situation rather 
than an expiant^twry theory (Teltolbaum 
1975),, it iF3 a d^8*^ription of a prcacess 
that has been qmmallY found to occur in 
the aours^ of rnqdSCTiKation * This hullo* 
tin describes th^ general aspects of somo 
of theee relatiOinships that are presently 
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obsorvad cm tha Navajo RaaarvatJon* Wo 
rtlLcinipt to allow firBl, that tho reRorva'- 
tion Grin Ym divided into rdgionri in whicili 
tha populaUiori ig eiiga<|od in difroront 
typofi cjF ocnnnmtc purBuitn, imd nf^aomif 
tjuii. those aaonDmic difforunacni nru rii- 
Ititnd U) f 11 irororuKUi In niortality ntul 
ff^rt il luy . 

Thn hint.ory of tho Amur lean liidiaa 
po p u 1 n tion i r ; i ji many r e s po c t g co mp a r a b 1 o 
to t hci t of po pu 1 a t io nn i n do vo \ op in<j n a - 
tinnn. Though antimatos of the aboriginal 
(pr«--con h/iut) population of North Aituirlca 
differ (Mooney 1928; Kroobor 1934; Dobyrui 
19Gfj), it qr -lily agrcod that contact 
with Europaans had davastatinq roeults, 
l^pidemics appear to have boon the final 
common pathway thr<^'Kfh which warfare? un- 
cial d i^iorqanizn t ion , famine?, and eontact 
with nciW disGasQS led to^tho virtu?il dia^ 
appnorancc of entire trihcn (Cook 197 3 r 
Hadloy 1957) , 



Thorn in aomo diigfigreomfint an to when 
the Ajnarican Indian papulation raached its 
nadir, fiomo bellovo that it was in the 
iata nineteonth cc^ntury (Hadlny 1957 124); 
othejirs claim that it warn in the? 19J0fl 
(DobynfJ 1060) , Dc3Spita tho diBcHjroument 
ao to tho data of the population minimum, 
howuvor, it in tiqreed that tha North 
Am e r 1 era n I nd i a n po pu la t lo n , a f t o r a ma j or 
dn c 1 i no , ha s g r own r fimar k ab 1 y in r aceri t 
decadoE . 

Thin vary rapid growth i r; aecountod 
for larqely by a decline in doath rates 
arid by a continuing high birth r^^te* 
Table 1 diBplays crude birth and death 
rates for Indians and the general U.S, 
population. It In claar that mortality 
since the late 1940o hae baen about tho 
aarne for both groups, while fdrtility hae 
diffnrad cone Lderably , Indeod, in the 
19 50f5, Indian fertility incroasod and has 
only reeontly returned to 1949 levels. 



Table li Crude Birth and Death Haten in 
the ?y[ier lean Indian and 
Goneral lUS, Populationis 
(number per 1,000 population) 



American Indians U.S. AIL Races 



Year Doaths Births Deaths Births 



1949-1953 

a n n □ a 1 a v e r c\ g e 


10 


. 3 


j;^, 1 


9. 


b 


^4, 


Li 


1955 


9 


. 3 


36. 1 


9. 


3 


?4, 


6 


i960 


9 


.1 


42.2 


9. 


5 


23. 


7 


1965 


8 . 


.8 


3 6.8 


9, 


4 


19. 


4 


1970 


9 . 


.3^ 


32* 8 


7. 


3^ 


18, 


2 



''age ndjustod 

Sources u ;s ; Tubli c HoaTElTT'ervice (19 57, 197 4) 
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i.'r*:i;inl-nq at about: 22 pnr 1. /OGO f^acli ^oai: 
nornparnd to 11 pc-r l.OOD for tho r('*!t nf 
tlin pnp\naLi.nn. 



1,11 ahaolulif^ an WfU I nn rnlaUJ.VG niyTiifi" 
CrtMco nnd ara the laadinq cnuso of dc^nth 
..iinantj Ind Jji un , 



TiiM r t.a 1 i t-y aiid l;ort'iiiUy dai:*.! i:oi: tin? 
peiiLod hufnri:' Wnjrld Wnr IT arc qf^iv^ rally 
uriavai I' ib . 1 d()nR ^ippcar , hr!)Wcvor / 
Hi.it t : h V.' w a n i. n n o f n p i < 1 0 fn j- a 3 11 ok a 1 J o w t k1 
the niiuurqoiKje of now diGtsrinc pfittcirnB 
ainonq Inrlinnfi f hnl^ rnnr|h1y parn 11*^1 ^ but: 
Uiq hohind, chanqoB in the larrtur soci.oty. 
t n l'* i u r ( 1. mn r t a I i t; y r a t c. % po r 1. 0 0 ^ 0 0 0 
pnpuiaL ion ar?' fdinwn for five ot the maist 
crrnmon ^^aunoB of d<.?ath Iri the gen oral U.S. 
populalian (f/.r^. l^uhlic Ifoalth Service 
19^7, in74), 

Mnrtnllty ratnA froti^ t^ibnrcn losin and 
pnn umn n i ci / i n f 1 uo n i a h a ve t en d i ly fit? c 1 1 ned 
since lOOO, with tiiu oKCVfption of an In-- 
crncjnt: in P120. Thono ratea havo stahil- 
i^.Qd irt racont yoars, Thn rntos for hoart 
dinna^e .and cancur have actually increasod 
o vfi r t h i a n f • 1 5 o r i C5 d . A c c d^m t r a to s ^ 
mnanwhllfj, liavn rtHnainnd cnn^tant but 
thnrafora havo incrcafUKi in roLativo i in=- 
porta nco, ThiH clearly iB whab i^ meant 
whoEi it in naid that thn U.H. population 
in now in thn ora of daqtmoratlvo and 
mantnadp dlnnnnon. 

Tn K i n u r o 2 cur vc a a r? r p ro so n to d for 
tho Barrio causes of dGath an thoy occur 
cimonq American Indians (U.S. Public Ilea 1th 
Sorvicci 1957, 1974). A dQClinG in tuborcu- 
IrDsiH and pnoumonia/inf luonza is agairi 
GVidDnt f and is oven more praGipi.tous 
than in the U*S, population as a whole, 
There is also an increase in hoart disease 
and cancGr mortality in the Indian popula- 
tion, in contrast to the U.S. population. 



Piquro .3 showB tha chan^jing pattern 
t.d. iiuiLH.j:.aI mortality in the Amuricau In-^ 
di^iii and thn ifoncral U.H, pupiilat iDne . 
Afjain it i!5 clear that raLuB havfi dnQllnfitl 
dramatiQally in the purJt yonornticni or 
two, Thirj pattern also Iei characterli3fcic 
of tho t^p idami aloqi c transition (slocuinb 
and Kunltz.? in preas) , 

Those chanqoii in mortality patterns 
qone rally favor fnmala^ and infant is rather 
than ackU t males. ThuG , ono qonsequonce 
of tho trarisition proceBs is that tho so5< 
ratio tc^iidB to shift from an *:^kcobs numbesr 
of ma la a to an pxcgsb numtaer of females, 
such ci shift has in fact occutred in the 
U.H* pnpiilationj among all Amor io an Xw^ 
diarin^ -and amonq the Navajos in particular, 
InteroBtingly , the iihift took place for 
all thriee populations at about the same 
timo, ill the 1940s and 1950b. SOmo of tlie 
conBtiqucnicec of this ehift will bo dis- 
cus secj elMOwhero and will not be troatod 
hDro (Kunit2 and Slncumb, in preSLO * 

in fsijmmary^ tho epidamio logic and 
deitiDgraph ic transitions appaar to have 
iafLueneed Amorican Indiang as thoy have 
oth^r devcLopinq or modern iEing Popula^ 
tions* ^rhis bulletin is priinarily con^ 
cernad ^i th resorvation NavajoS . We bHo'W 
first that cliff oront parts of th€> Navajo 
RosGrvation have different patterns of 
econoniic! davolojanient, and aeconcli that 
these pat terns are correlated vrith dif- 
ferences in mortality and fertiltt^^i We 
suggest that the reault of th^se aconomic 
variatioas is that local populations are 
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at different phaies of the. transition 
proeess ^ 

II. A BRIEF OVERVIEW -M' THE 
NAVAJO RESERWION 

In this section we are concerned only 
with the period Bince the 19 30i, when 
reservation'^wdde surveys ^ere made uslnf 
land Ttianaganierit districts as the basic 
units, We will not disaiiea the entire 
history of Kavajo Dccupancy off the ar^a 
now included in the resaiv^ation * The land 
management districti were established when 
the federal government first atternpted to 
contrQl the aniount of livestock graced on 
the range, and the first population eiir- 
veys were part of that affort* The Hwian 
Dependency Surv^ey carried out by the U.S. 
Soil Conger^ation Service (1939) in the 
late 1930a v/as the first study to give 
some notion of the differenaes that e^= 
isted frorn one area to another, ^his 
atudy itio^ed that aoniumption units ( houses 
holds ox camps) were largest on the w^est- 
ern and of the raBervation, and dependenoe 
on Bubiiateiice livestock raising ^as great- 
est and pop\alation density lowest there . 
We have used data from this survey as 
well as more recent ones to provide a 
broad picture of differanaes among £ireai 
of the reservation in regard to various 
types of eccnomic activitieSi 

The land managewent districts are 
shown in Fiqure 4/ and the data are pro- 
vided in Table 2. With the Gxceptien of 
eolumn K, the data for colurnna A through 
P ate, taken from the Human Dependency 
Survev carried out in 1936-37 by the U,Sp 
Soil Conservation Service {1939). Columni 
Kt Hf Bi and T are froiri the Navajo year- 
book i^daiig 196 8) * These data were col- 
lected as part of a study off Bureau of 
Indian Affairs (BIA) records pertaiiitng 
to liveatoc3< and range mariagement iii 19 59, 



Colmrin Q/ fopulation per square mile 
in 1971p is based on BIA estimates of pop- 
ulation far each land nianafeinent district, 
ColiiiTins U and V are derived from a 19 72 
range report of tha Navajo ^ribe, ftUBI 
refers to anioal unit nionths and Is a 
nteasura of ho^ many animal s are pastured 
in different land manageinent districts* 

Coi™n W/ proportloii on general as-- 
distance, is derived from data provided 
by the BIA' for the nurnbers of indivld\aals - 
receiving B3A v^elfare support* This is 
not the only forin of welfare available. 
The itatee provide categcrioal t/pes auch 
as aid to the blind, to dependent ohildrenr 
to the aged# and to the disabled? and tha 
tribe provider emergency welfare ai«3 ^ndar 
certain conditions as v^ell, It was net 
possible, nor particularly desirable, to 
collate information from all welfare 
ageneies? but it seenis to be genarall^^ 
agreud that areas high in general assist- 
ance are high in state and tribal servicaa 
as w^ell, 

Colmn K, from Gilbreath (1973 il9), 
is an attempt to inaaaure the concentration 
of non-governinantal business aitablish'^ 
n\eiits on the reservation in relation to 
population distribution. 

Colunms ^ and Z# the proportione of 
adialt males and females engaged in noii^ 
traditional occupations? are taken froni a 
reservation-'Wide survey carried out in 
1967 (Navajo Tribe 1968) * Unffortunately ^ 
the sampling frame of the survey ^as not 
land manageniBiit districts but school dis-* 
triats, To make the data compatible with 
the land manageinent district data, paps 
^ere compared and then estiinates made of 
the proportloji of each school district 
population fownd in each of several neigh- 
boring land manag'ement districts* If , 
for instance, a school distriot lay about 
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Table 2i Land Managemeat District Data 



my 

LMD Land Management District 

A pcpuLation per square mile 19 36 Cnamber of perions) 

B average siie of conswiption grpup 1936 (imrnber of persona) 

C conunercial per capita incQm€ 19 36 (1936 doliare) 

D nca-eormnercial per capita iaisonie 1936 <1936 dallare) 

E tctaL per capita income 193 6 (L936 dollare ) 

F inconie by class i wage income per capita 19 36 (1936 dollars) 

G liv^estock income per sapita 193 6 (1936 dollars) 

H aqriculttaral per capita i^conie 1936 <1936 dollars) 

I ccFunercial liveetock incom per capita (19 36 dollars) 

J non-^Qonnmercial livestock income per capita (1936 dollars) 

K largeit permit ei^e 1930e (number of iheep unita) 

L contmarciai aqricultural ircome par capita 1936 (1936 dollars) 

M non-eoramercial agricultural income per capita (1936 dollars) 

N incotne per sheep unit 193C (1936 dollare) 

O cciTuiiercial livestoclc inootne per sheep unit 1936 (1936 dollars) 

p slieep units per capita 1936 (niimber of sheep units) 

Q pcpulatiori per square mile 19 71 (number of persons) 

R proportion of permittees 19 59 (percent) 

S ai/erage size of permit 19 59 (number of sheep units) 

r ^ percent over or under carrying capaciti^ 19 59 (perGant) 

U ratio of grazed to autharlEed animal unit nionths 1972 (ratio) 

V ratio of animal unit months to population 1972 

W proportion of population an general aisiatanee 1974 (percent) 

K pcpulation per business 197 0 (nLumber of persons) 

¥ proportion of einployeci feitialea in non-traditional ocaupations 
1 96 8 (percent) 

Z propDrtian of employod ntales in non-traditional occupations 
1 96 8 (percent) 
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TahU I Continued: Land Hafiagenent District Data 
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Table 2 Contiftued; Land Maniginieilt District Dsta 
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evenly in tvo distriGts, the niOTber and 
typii j-espondents were allocated evenly 
bet^we^n #ach land managantent district, 
Althoufh the methods used ware far from 
desijrable for our purposes , this manpower 
guyve^ was the' most recent and care fully 
don^ Ot its kind we could find, and we 
regard the survey as worthwhile. 

data are displayed by use of the 
bipiot ((Figure 5). (For a dtiausiion of 
thi^ technique, see Appendix,) The land 
tnanaig^wtnt districts are the nimtbered 
paints, the numbera corresponding to those 
on mp of the districts shown in Fig^ 

ura The lettered arrows correspond to 
tha variables described above. 

We have not included diitricts 15, 
16? and l^j, the checkerboard area on the 
ea^tarn end of the reservation for which 
adaquat© data do not exist. Nor have we 
Inaludacl districts 21 (Canoneito) , 22 
(Alamo) # and 23 (Ramah) , which are small 
rei^^vation enclaves physically separated 
from the large reservation. 

In cfoneral, land management districts 
on th© wastern end of the reservation are 
on th<? left side of the biplot and those 
in th« aast on the right (Figure 5)* The 
talun^^tipped arrows pointing to the right 
r®pt^2ier^t variables that mQasure commer- 
claX in^QTne, participatiQn in the wage 
aaonomy? and agricultural activity (both 
iu^i^i^tenca and commercial). Those point- 
ing to the left^relate to Bubsistence 
liV^itock raising, family size, high 
ra.tlO^ ot population to buainess eatab- 
lishm^ntB , and dependence on general wel- 
fare aapi stance. 

Wq GCin bo Qvan mora spocific by 
divicUng the biplot into quadrants. In 
the? uppo^ left are thoso land managoment 
distrieta (2, 4, 8, and 9) in the northern 



ftnd central part of the reiervation with 
severe overgrazing {V and T), the lowest 
proportion of permittees (R) , the least 
involvement in Vagework (F, Y, and z) , and 
the lowest income per unit of livestock 
(C, N, and 0) , 

In the lower right quadrant are areas 
to the east (districts 13, 17 # and 18) 
that show patterns just the oppoeite of 
those mentioned above. They are much in* 
volved in commercial livestoch activities 
and in the wage ecdnomy (G, E, f, Of R# 
Y, and Z) , 

In the upper right quadrant are dis- 
tricts 10, 11, 12, and 14 in the northeast 
and east that have high population dens- 
ities (A and Q) , high nQn-commercial in- 
conie (D), and high agricultural inconie 
(H, L, and M) , These are just the reverse 
of the characteristics of distriGts 1, 3, 
5, and 7 on the western and sQUthweitern 
portion of the reservation (lower left 
quadrant). These districts have low in-- 
volvement in agriculture, high ratios of 
population per business establiihrnent (X), 
great dependence on livestock (P, S, G, 
K, and V) , larger than average consumption 
groups (B), and the greatest dependence on 
welfare (W) . 

From this initial analysis^ saveral 
observations may be made* First, oonaid- 
ering that the data have been gathered 
from a variety of sources, there is a re^ 
markable consistency over the past 3 5 to 
40 years in the economic situation on the 
different parts of the reservation* In 
general, if a diagonal line im drawn from 
the Four Corners area, where the gtatea of 
Utah, Colorado, New Mexico, and Arizona 
meet, southwest to the point on the south- 
ern reservation boundary where districts 
7 and 17 meet, the roRervation is thereby 
divided into two unequal parts with 
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somewhat different econgftiie and social 
characteristics* East of that Una im an 
area where the population has been rela- 
tively hmAvily invQlved in cOTwercial and 
wagawork activities. West of that lina , 
the population has been relatively raore 
involvad in aubsistanca livastook tralsingf 
which has be^n supplemanted by sooial 
welfare, 

Seoond^ consumption groups were 
largest on the average in areas with fcha 
highast proportion of iubsistenca live* 
stock aotivities* It is not alaaw whether 
this pattern li related to diffaranti^l 
fertility, differontial family ©rgani^a* 
tion, or both* These data for consump- 
tion groups ware taken in 1936 and 1937 p 
and the available data on family organiia= 
tion and fartllity wara obtainad a genera- 
tion or more later. The evidenca we do 
have concerning family organization is 
presented halow* Fertility is discussed 
in Part III. 

Third* thoaa areas in the north can* 
tral portion of the reservation that are 
the inost Dvargra^ed are the ones where the 
proportion of papple allowed to have live* 
stock is the lowest. In addition, these 
same areas do not have the largest propor* 
tions receiving ganetal aeiistance* BIA 
welfare workers hav© eommentad that people 
in this area aro leis likely than are pao- 
pi© elsQwhero to reL|uest welfare help even 
though they qtaaUfy for it. We cannot 
explain this observation • 

So far we have analyzed the biplot 
in two dimenoiona, A measure of goodness 
of fit indicates that the first plane of 
the biplot, described above* explains 
about 58 pGrcent of the variation. It 
is useful, however, to visualise thai© 
relations in thrao dimensions, Tho arrows 
and dots arn disfcrlbutad around a oentral 
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point like pins ptuck into a ball. There- 
fore , points that appear to be close to 
on«i another in a two^dimensionai projec- 
tion may aetually be quite far apart when 
the third dliseniion is considered. Con- 
versely # points appearing far apart in one 
projection inay appear to be elose together 
in another. 

In the projection used in Figure 5^ 
we note that two variahlee^ proportion of 
permittees (R) and pereent of range over 
or under carrying capacity (T) , are almost 
perfaotly negatively correlated and that 
many of the numbered dots are separated by 
the axis consiating of the R and T arrows. 
If we rotate the biplot so that the viewer 
looks along the R arrow toward the canter 
of the diagram, we obtain the biplot shown 
in Figure 6 . 

In Figure 6 * the arrows for R and T 
are greatly foreshortened. Using the 
third coordinate adds another 15,6 percent 
to the variation explained and reveals new 
relationships. Note that in Figure 5, 
district 8 was widely separated from dis- 
tricts 1, 2, and 3, In Figure 6, it is 
seen to be much closer to them. All four 
disfcricts have above-average values for 
the variables relating to average size of 
oonsumption group (B) , non-^cofmnercial live^ 
stoak inoome per eapifca (J) , ratio of 
graced to authorized animal unit months 

(U)i animal unit months per population 

(V), and proportion of the population on 
general assistance (W) , Similarly, we 
now sea that districts 12 # 13, 14, and 18 

(the eastern and of the reeervation) are 
similar in population density (A and g) , 
eonffnarclal agrloultural income par capita 

(U) f proportion of malaiy and femalei in 
non'-traditional labor (V and 7^) t and var- 
ious measuree related to conmiaroial incoma. 
This clustpr did not et^nd out ao clearly 
in Flguro 5 becauso tho overwhelming 
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Figure 6i Biplot Diaplay of EconQmic Variablas hand Managernont Distriqfci 
Showing ^Plan© Which Explains an MdltlDnal 15*6 Parcent of the 
Variance (Numbari - Land Manageineiit Districtsr Letters ^ va^iab4&i 
in Tabla 2) 
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influenco of vnriablofi R and T fiprortdn Lh'^ 
districts apart. 

in qonr^raif it .i|)pchirn that on thi; 
caatern end of thn rGServation, thura iB 
qrontnr invnl vc^mnnt in wnqt^work , higher 
income from cominercial , agricultural, and 
livestock activities, a hiyhcr proportion 
of the population with livaatock permits, 
and li}HH ovuryrazinq. In t\m wcotern part 
of tho raeGrvation, thero la niore over-- 
qra?Amu moru dcpendenco on wfjlfaro, and 
a smaller proportion of the population 
that i.^' a 1 lowed to havca liven took* 

Tho history oF stock reduction on 
the Navajo Resorvation in the 1930s and 
the formula by which pcsrmit nizen in dif- 
ferent districts wure dGtormlnGd have been 
diBcussod by Aberle. Briefly, "the mm- 
imum permit was set at a level such that 
if every owner holding more than the max- 
imum permit sold stock until he had only 
that amount, and if every owner holding 
only the maximum permit or less retained 
hie Btock at hi^ current level, the Dis- 
trict's liveBtock would be equal to its 
carrying capacity" (Aberle 1966s 67). 
Areas on the western end of the reserva- 
tion where the largest maximum permits 
were assigned in 1936 were those that were 
the least densely eettled. In these areas, 
permit sizes could be larger than in the 
east, where there was rolativoly more 
crowding by both the human and livestock 
populations . 

Thus, from the start there seems to 
have been a greater potential for dispari- 
ties in livestock holdings on the western 
than on the eastern end of the reservation. 
Twenty-three years after stock reduction, 
in 1959, permits on the western end of the 
reservation area were still larger than 
in the east. Moreover, the proportion of 
people allowod to have permits was smaller 



in the west and the overgrazing was great- 
est thrire, T!ie iamo disparity L?Klotod in 
1972, when more animals than ware permitted 
wore grazed in the w^fltern dlfitriutti, 
while there wore fewor animaly firaieud thnn 
were permitted in the eaot. 

There are at least two poseible-'-and 
not mutually eKclusive-^eKplanations for 
the livofitnnk --hoi ding patterns doflnrlbed 
above » The first is that individuals on 
the western end of the reservation may 
have livestock that is listod under some- 
one else's permit* For instance, a child 
may own sheep that are listed on the 
tribal permit as h** longing to one of the 
parenta* This is known to occur in varl-- 
ous areas on the reservation. 

The other possible explanation is 
that the larger maximum permit ni^es in 
the west and the smaller proportion of 
permittees reflect the presence of a sub- 
stantial proportion of individuals who in 
fact have no livestock at all, either in 
their own or in anyone else's name. This 
seems to have been true in the pre^ 
reservation period (Vogt 1961). Prelim= 
inary analysis of unpublished data gath- 
ered by Jerroid Levy and his colleagues 
on the Lake Powell Research Project sug- 
gests that this may largely explain the 
situation at present tJ,E. Levy, personal 
communication) , 

Satisfactory explanation of the live- 
stoek'^holding patterns must await more 
detailed analysis of survey data. None- 
thejless, if we accept for the present that 
there are considerable discrepancies in 
livestock holdings among families in the 
same areas as well as between areas in 
the east and west, we may speculate as 
to how these patterns came about. We have 
already suggested that population and 
livestock densities differed across the 
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resnrvotinn in the. V)30e and that thtniG 
denoitioo are related to dlfferenu^ « In 
the pormit nixari tlmt wort* Lsguod. We 
hnvn not uKplninrid, howovar ^ why tharc i^i 
avc!rc|ra^.iny In the woet and undorgra^ing 
(or, pnrhnps, tiimply Ipub DVorcjra?,ing) in 
tho oaBt at present, nor why avarage flock 
sIeg and proportion of pormltteon differ 
from cant to wetit. 

A reasonablu but tentative hypothesis, 
unsupported asi yot by direct cVldenca, ia 
that the availability of relatively more 
wagework opportuni ties in the eoi^t than 
in the west has led to a groater likeli-- 
hood that lives touk inheritance will be 
dividdd about equally among children* Con- 
versaly, in the west, whore wagowork i^ 
not available, ourvival on liveetock im 
possible only if flocks are kept large 
and honao are inherited unequally, Al- 
tornatively^ irheritance may be equal 
among siblingfi but rli f ferential out- 
migration may rosuit ultimately in an 
unequal di:i tr ibution of ntock* 

As WG have shown Glsewhore, not out-" 
migration in greater from the western end 
than from the oastern end of the reserva- 
tion (Kunitz 1973) . People in the west 
eoem to be at a double disadvantage. Not 
only do they not have access to adequate 
livestock to maintain themselves at a sub- 
sistence level, hut they also do not have 
access to jobs. The shortage of available 
jobs may have enhanced the unequal live= 
stock distribution observed in the 1930s, 
Therefore the people who do not migrate 
from the western end may be especially 
likely to become dependGnt on welfare. 
Moreover, the unequal distribution of live- 
stock and the low availability of jobs in 
tho west are related to (1) animals exceed- 
ing permit allowancee being grazed in the 
west; (2) greater destruction of the range 
in the west than in the east as a result 



of thiB overgi:a?*iny ; (3) a greater persiiit- 
ence of the extended household in the woat 
than in the east; and (1) diiferences in 
f(irtility ratoB and mortality pnttc?rns 

It in f?Ktremely difficult to compare 
the results of the many community studies 
done on the Navajo Reservation over the 
past generation or two* Nonetheless ^ 
there is spme evidence that social or" 
ganization does differ from east to woet 
(Henderson and Levy 1975) , In Table 3 are 
shown data on the proportion of neolocal 
households found in community surveys done 
in the late 1950s and early 1960s in dis- 
tricts 1, 2, 3, 12, and 13, Notice that 
the western districts had a sfnaller pro-^ 
portion of neolocally organi^.ed camps than 
the eastern districts. It appears that 
in the areas where wagework is most prev- 
alent, families are organized in a differ- 
ent fashion than where welfare and sub- 
sistence livestock activities^ are the most 
common sources of support. This pattern 
is perhaps not surprising and suggests 
that in the western districts the extended 
family is used as a means of maximizing 
support when the sources of income are 
fluctuating and uncertain (Aberle 1963) i 
This may also help explain the varying 
size of consumption groups reported from 
1936 though/ as we shall show in Part III, 
fertility may also contribute signifi- 
cantly to these differences. 

Aberle (1961il99f} has observed thatt 

Roughly speaking, a high percentage 
of extended family units is found in 
the western half of the reservation^ 
in more thinly populated and less 
agricultural units. Agriculture and 
density tend to coincide, so that 
the effects of these two variables 
cannot be easily disentangled* 

He has also noted that, in the 19 30s, the 
proportion of polygynous marriages tended 
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TablQ 3: Camp Orc|anization on tha Navajo Resorvation 



Total 

Camps Neolacal 
Area Number Number Percent 

Western Rural 19 60s 

{Land Manageinent DiisUricts 1,2, 3) 62 14 23 

I.: a stern Rural 

shaep Springs 74 33 45 

Fruitland 1950s 

(Land Management District 13) 156 101 65 

Source i Henderson a nd L e vy (1975) — — - 



to incroase from eaet to "west^ which also 
presumably reflects the relative intensity 
of contact with the dominant society as 
well as differences in eubaistence pat- 
terns (Aberle 1961). 

Finally, we wish to suggest that two 
cycles, one vicious , the other relatively 
virtuous, may be at work. The vicious 
cycle has already been described in part. 
The virtuous cycle in the east is created 
by the fact that new jobs seem to be most 
common there, thus allowing for more equit- 
able distribution of livestock i relatively 
less dependence on available livestock; 
and therefore less destruction of the 
range. Moreover, it is unlikely that job 
opportunities will be either massively 
increased or more evenly distributed 
around the reservation, primarily because 
the reservation resembles a colony from 
which natural resources are extracted but 
where relatively few production jobs are 
created. The jobs that do arise — apart 
from those in the service sector provided 
by federal and tribal agencies^-^are in 
extractive industries. These jobs, by 
their very nature, are located near the 
natural resources being extracted, namely. 



coal, oil, natural gas, and uranium, which 
are found primarily in the eastern part of 
the reservation (Navajo Tribe 1974;57)# 

We described the second cycle as only 
relatively virtuous because, even on the 
eastern end of the reservation ^ the stand- 
ard of living seems to be well below that 
of the general U.S. population. Moreover, 
the data in Table 2 suggest that people on 
the western end are in even worse economic 
circumstances than Navajos elsewhere. It 
is in this context that the developments 
in the Lake Powell region have special 
rdgnifieance^ for they are taking place 
in an area that has been the most isolated 
from employment opportunities in the past. 
The impact of these developments on pat-- 
terns of mortality and fertility is of 
particular concern in the present study. 

III. IVIORTALITY, A/IORBIDITY, AND 
FERTILITY PAHERNS ON THE 
NAVAJO RESERVATION 

Background 

During the 3^year period 1965 through 
1967, the proportionate contribution to 
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mortality in th© Navajo area from the five 
leading oauses of death was that shown in 
Table 4. Infant mortality and infectious 
^jsaaa^e ^ ''"o 1 1 1 h 3 ahar among . Ma^^j 95, . 
than ill the general U.S. population^ al-- 
though the pattern ia changing rapidly 
(Part !)• 

Accidents . In spite of their import- 
ance as the leading cause of death among 
Indians r relatively little has been writ- 
ten about aceidents. In fact more arti-- 
clea have been written on heart disease 
and cancer than on accidents among Indians # 
presumably reflecting the major coneerna 
of the larger aociety. The available data 
do not allow ua to document with any car-- 
tainty the change in accident rates among 
the Navajos/ but it seams safa to say that 
it has probably followed the same pattern 
as that demonstrated for all Indians r with 
an absolute increase over the past genera= 
tion and a very large increase in relative 
importanae as compared to other causes of 
death. 



Table 4 1 Leading Causes of Deathr Navajo 
Area, 1965-67 (in percent) 



Navajo 
Area 



All Races 



Accidents 


22. 9 


6. 


. 1 


Diseases of 
the heart 


6. 5 


29. 


.0 


Malignant 
neoplasms 


7. 4 


16. 


.3 


Influenza and 
pneumonia 

(excluding newborns) 


8. 1 


3, 


.4 


Certain diseases 
of early infancy 


7. 4 


2, 


, 8 


Source 1 Up S. Public 


Health 


Service 





Two Studies of accidenti have been 
done on the Navajo Reservation ^ and their 
results may be summarizad briefly. In 
1966 and 1967, the Navajo accidental death 



(1971:27) 



rate was 104.2 per 100,000 population, 8 
times greater than the rate for the U*S. 
population (58,0). The death rate for Nav^ 
ajo males was 160.6 as opposed to 48,9 for 
females (relative risk for males is 3,3 
times that for females). Navajo males 25 
through 34 years of age had the highest 
incidence of accidents , but males above 
the age of 65 had the highest death rate 
from accidents. Motor vehicle accidents 
ware responsible for almost half (48.2 
percent) of the accidental deaths, but 
reprasentad only about 20 percent of the 
total number of accidents recorded (Brown - 
et al. 1970) . 

Using data collected somewhat earlier 
than those cited above, Omran and Loughlin 
(1972) analyzed the pattern of accidents 
affecting the residents of one rather iso^ 
lated and traditional Navajo community in 
the years 1957 through 1962. Accidental 
deaths (10 in all) were responsible for 
15.4 percent of all deaths. "The leading 
cause of accidents were domestic injuries 
followed by injuries due to sharp instru^ 
ments that the average Navajo uses in 
every day life" (Omran and Luughlin 1972 i 
17). In addition to environmental hazards, 
however, the authors emphasize that psycho- 
social factors were also significant. 



As a people in transiticn, the Nav-- 
ajos exhibit many insecurities and 
inabilities to cope with their 
changing way of life. This has 
resulted in a great deal of stress ^ 
violence f alcoholism, undisciplined 
children and social maladjustment* 
It is generally assumed that the 
relatively high rate of accidents 
associated with alcohol and violence 
is symptomatic of deeper seated 
social disorders among the Navajos. 
Drinking was associated with at least 
five of the fatal accidents , and with 
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the more serious injuries especially 
those inflicted by others, as well 
as a number of ntotor vehiole acci- 
dents (Omran and Loiighlin 1972ilB)- 



More recent data published by the 
Indian Health Service (IHS) (U,S. Public 
Health Service 1973) indicate that alco- 
hol use is associated with some catego- 
ries of accidents, but it is less clear 
v/hether the accidents are caused by al-- 
cohol . Table 5 shows the proportion of 
accidents of different types that were ^ 
in the estimation of the attending pro-^ 
fessional, alcohol-related. 

A major problem faced by all investi^ 
gators of the accident phenomenon is the 
deterinination of risk factors and the 
assessment of their relative importance. 
We have already suggested that the imple- 
ments that Navajos use are of major im- 
portance in the accident pattern* In addi- 
tion ^ the quality of vehicles, roads, and 
drivers and the number of miles driven per 
person are significant (Boyd et al, 1968), 



Table 5; Alcohol-Related Accidents as a 
Percentage of Total Accidents, 
Navajo Area, 1972 



Type of Accident 



Percent 
Alcohol^Related 



Motor vehicle 
All other accidents 
Falls 

Cutting, piercing 
objects 

Suicide attempts 

Injuries purposely 
inflicted by others 



19 , 5 
2,3 
2,1 

3,2 
17.9 

28,7 



Source 1 li,S, Public Health Service (1973) 



Based u^on interview data, Levy (personai 
cornmunication, 1975) has estimated that 
on the average a pick-up truck on the 
reservation is driven 25,000 miles per 
year/ mostly on very bad roads. Finally, 
personality factors and various domo^ 
graphic characteristics have been shown 
to be of major significance. For instance/ 
in the general U,S, population, males have 
higher motor-'vehiGle'-aacident death raten 
than females; non^white males higher than 
white iTialeB; divorced individuals higher 
than widowed; widowed higher than singlei 
and single higher than married (National 
Center for Health Statistics 1970), 

Iskrant and Joliet (1968i46) list 
the following personality characteriatics 
as significant among accident repeaters i 
youthfulness , low intelligence ^ egocen-- 
tricity, aggressiveness, anti^social 
feelings, social irresponsibility * and 
unconventionality , The accident repeater 
is "dissatisfied with everyday life; 
lacks clearly defined goals; is unable to 
control hostility I tends towards 'acting 
out' behavior either physically or verb- 
ally; sho'»s poor judgment;" (Iskrant and 
Joliet, 19GB:46), These authors continue; 
"this study portrays the accident-repeater 
as a person who im unable to adjust to 
stress, whose attempts towards mobility 
are generally thwarted, and who has feel^ 
ings of insecurity," In addition^ several 
studies agree "that conflict with author-- 
ity bears a definite relation to accident 
causation" (Iskrant and Joliet 1968i47) . 

There are differences in the accident 
rates not only among Indian tribes but 
also within a single tribe, Hackenberg 
(1972) has shown that accident rates are 
higher in "modern" than in "traditional" 
Goiranunities on the Papago Reservation, A 
companion study by Stull (1972) shows 
that individuals judged to be "modern" and 
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li\ing in ''inodern" coiTOnunities have higher 
accident rates than "traditional'' individ- 
uals in those same conununitiea . The lat-- 
ter in turn have higher rates than either 
"modern" or " traditiona V* Individuals 
living in "traditional" coiranunitieB . In 
"traditional" communities^ "m.-^l^rn" and 
"traditional" individuals cannot be dis- 
tinguished in terms o£ their accident 
rates * 

Thus, personality structure, degree 
of acculturation to the dominant society, 
community of residence/ and^ presumably, 
environmental risk factors all seem to be 
related to the patterns that have been 
reported, but the relative importance of 
these various factors is by no means 
obvious . 

Heart disease . We have shown in 
Table 4 that heart disease is much less 
significant at present as a cause of mor-^ 
tality among Navajos than are accidents. 
The figures are somewhat mis leading # 
because deaths from rheumatic (infectious) 
and ischemic processes (such as coronary 
artery disease) have bean included in the 
heart disease category* Numerous investi^ 
gators have attempted to eKplain the low 
rates of ischemic heart disease among 
American Indians in general and among 
Navajos in particular (Hesse 1964; Maynard 
mt al^ 1967; Sievers 1967). usually, 
these studies have been concerned with 
exploring the exposure of populations to 
a variety of factors S3id to be associated 
with the risk of developing coronary ar- 
tery disease in the general U.S, popula^ 
tion. Such risk factors as hypercholes- 
terolemia, hypertension ^ cigarette smoking 
physical activity, dietary patterns*, 
acculturation, and social mobility have 
§11 been considered. 
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Navajos and other Indians have been 
found to have low serum cholesterol , even 
though some investigators are of the opin- 
ion that their diet i's high in saturated 
fats (Abraham and Millar 19S9i Page at al. 
1956; Fulmer and Roberts 19G3; Comess et 
al* 1967). It has been suggested that 
perhaps they metabolize cholesterol in 
such a fashion that it is excreted in the 
bile, which would explain the high preva- 
lence of cholesterol gnll stones observed 
by Small and Hapa (1970) , Hypertension 
is infrequent among reservation residents 
but increases amnng migrants in urban 
areas and may be increasing among reserva^ 
tion populations as well (Alfred 1965 ; 
Cohen 1953i Clifford et al* 1963; 
Reisinser ot al . undated i 75 i Strotz and 
Shorr 1973) . Cigarette smoking is not 
common (Sievers 1968), Most Navajos en- 
gage in physical activity, at least to 
a moderate extent. The low rate of 
ischemic heart disease has also been 
attributed in part to low levels of psy- 
cho-social stress (Sievers 1967; Pulmer 
and Roberts 1963; Streeper et al* 1960). 

It is puzzling that, for the same 
population, high accident rates have been 
attributed to high levels of stress and 
low coronary hornrt disease rates to low 
levels of stress. This paradox should 
make one wary of invoking "stress" as a 
causative factor when other explanations 
fail. One possible explanation may be 
that factors of a psycho-social nature 
are important in the etiology of both 
accidents and ischemic heart disease* 
Howev'er, in the case of heart disease, 
such factors may interact with a variety 
of physiological characteristics that 
take a long time to manifest themselves 
and that are of no importance in the 
etiology of accidents. In other words, 
psycho-asocial factors may be necessary 
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conditions In the etiology o£ bath acci- 
dente and ischemic heart disease but in 
the case of accidents they may be more 
nearly sufficient as welj * 

Cancer* Death rates from cancers of 
all types have generally increased anrang 
American Indiana but are still lower than 
in the general U*S, population (Creagan 
and Fraumeni 1972 1 Smith 1957 1 Smith et 
al. 1956). Certain specific cancers do 
occur more frequently amoncr IndianBr how^ 
ever. For example , death rates from can= 
cer of the gall bladder and bile duct are 
hightjr among Indians r preeumably as a 
reault of the higher prevalence of gall 
stones * 

There is some question concerning 
the relative importance of carcinoma of 
the cervix among Indians and non'^Indians . 
Some studies find the rates to be lower 
than, or the same as? rates in the gen-* 
e^' 1 population (Jordan et al, 1972; 
Bivens and Fleetwood 1968) , while other 
studies find the rates to be higher 
(Creagan and Fraumeni 1967: Dunham et al. 
1973). Th^ differences may primarily be 
due to the different methods used in calcu- 
lating the rates. The lower rates were 
calculated from hospital statistics on the 
prcportion of positive Pap smears among 
Indian and non-Indian patients. The 
higher rates were calculated from mortal^ 
ity data. The differences might be ex- 
plained if Indians, for whatever reason, 
were less thoroughly screened and there- 
fore were more likely to die from this 
cancer. Since Indian women tend to engage 
in sexual relations at a relatively early 
age, one of the risk factors in carcinoma 
of the cervix is present to a considerable 
degree. It would not he surprising, there- 
fore ^ if the rates were found to be at 



least as high as in the general U.S. 
population* 

Lung cancer is lower among Indians 
than non-Indians (Sievers and Cohen 1961 i 
Creagan and Pratimeni 1967), The lower 
rate is probably due to the fact that 
Indians smoke less than do non^^Indians # 
live in rural settings with clean air, and 
do not engage in occupations that expase 
them to carcinogena. The only documented 
cases of lung cancer among Navajos are 
said to have been found among former 
uranium miners (A* Vall=Spinosa, personal" 
conynunication , 1974). More generally, it 
appears likely that Navajos and other In- 
dians will show an increase in carcinomas 
to the eKtent that^they are allowed to 
participate more actively* in the polluted 
mainstream of JUnerican economic 3i£e. 

Infant mortality . Navajo infant 
mortality has in general declined over 
the past generation or two (Table 6) . 
Hadley»s (1953) estimate of 139 infant 
deaths per 1,000 live births in the early 
1950s in itself probably represents a 
considerable reduction since the pre--World 
War II era when the rate may have been 
more than 200 per 1,000 live births, as . 
it was among the Hopis at that time 
(Kuniti 1974a) . 

Though Navajo infant mortality has 
been reduced dramatically in recent years, 
it is still higher than in the general U*S, 
population. Moreover, as is shown below, 
the rate is quite variable from one part 
of the reservation to another* None the'- 
less, there has been a profound change in 
disease patterns. This is reflected on 
the part of health care providers by a 
change in concern from mortality' to the 
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Table 6 1 Navajo Infant Mortality 



Date 



1949-51 

Late 19S0s 
Early 1970s 
1970 



Infant 
Mortality per 
1,000 Live Births 



139,4 
70. 0 
37.0 
31. 5 



Area 

Reservat ion- wide 
Many Farms 
Fort Defiance 
Reservation-^wide 



source 

Hadlijy (1955) 
McDermott ©t al. (1972) 
Brenner et al. (1974) 
UBPHS (1971) 



more subtle developmental effects of the 
sequelae of n.orbidity* This is also re- 
flected in a growing conaern with problems 
of mental health (Kunit^ and Levy 1974)* 

Excessively high infant mortality is 
still a major problem among Navajos and 
other tribes, however. Factors such as 
prenatal care (Iba at al . 197 3 r Branner 
et al. 1974) j birth weight (Rosa and 
Resnick 1965) ; feeding patterns an<^ nu^ 
tritional status (French 1957; Van pugen 
et al. 1969? Darby et al, 1956; Relsenger 
et al, undated; Maynard and Hammes 1970); 
and complicated pregnancies (Brenner et al * 
1974) have all been implicated, Attwpts 
made to mitigata the effects of some; of 
these factors have not been notably a.uc-- 
cessful (Rogers et al. 1974). Most im-^ 
proveinents in the future are likely to 
result from improved living conditions 
usually associated with improved economic 
status rather than from improved medidal 
care (Oakland and Kane 1973) , 

Nutritional deficiencies in chil-- 
dren are still significant on the Navajo 
Reservation* Overt protein-'calor ie 
malnutrition was reported from the western 
end of the reservation as late as ttie mid- 
1960s, but is virtually unknown on the 



eastern end (Van Duzen et al . 1969: 1398)* 
Throughout the reservation? however/ Nav-- 
ajo youngsters are found to be smaller and 
lighter than expected when compared to 
non^indian aga mates (Van Du2en et al, 
1969; Reisenger at al* undated). Even 
border line malnutrition may have a meas- 
urable influence on ability to learn 
necessary skills in school and elsewhere 
(Moore et al, undated) , 

Compounding the nutritional deficient 
cies are probleniS related to chronic oti-* 
tis media (middle ear disease) * An enor^ 
mous literature has developed on this 
condition as it is related to learning 
disorders among American Indians and 
Alaskan natives (Ling et al. 1969; Zonis 
1968; Johnson 1967; Brody et al, 1965; 
Reed et al, 1967; Brody 1964; Gregg et al. 
1970; Maynard 1969; Reed and Dunn 1970; 
Maynard et al . 1972; Rossi 1972; jaffe 
1969) . It is not our purpose here to add 
to this literature ? but only to note that 
such growing interest in this ear disease 
is an additional index of the passage of 
the Navajo population into the later 
stages of the epidemiologic transition 
where concern for problems related to 
morbidity rather than mortality becomes 
increasingly important. 
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This necessarily cursory review of 
some of the previous work relating to 
major health probleins of Ajnerican Indians 
is intended to show that the disease pat^ 
terns amnng the Navajos are a reflection 
of their eituation as a modernising popu'- 
lation* These changeg associatad with 
modernisation will have a profound influ- 
ence on iTiany aspecta of Navajo life* At 
the same time, as indicated above, changes 
are not proceeding uniformly across tha 
reservation. In the remainder of this 
discussion? we will eKainine some of the 
different patterns of mortality and far"- 
tility that exist across the Navajo 
Reservation. 

Methods 

We have estimated that the resident 
Navajo population in 1968 and 1969 was 
110,000, and have used this figure to 
palculati population distributions and 
- vital rates, 

Because the Navajo Reservation is so 
large, it has bean divided by the IHS into 
eight service units. The problems of esti 
mating IHS service unit populations are 
discussed below, unfortunately, the bound- 
aries of these service units are not con^ 
tiguous with those of the land managenient 
districts (Figure 4) described in the pre- 
vious section. On the western end. of the 
reservation, the Tuba city service Unit 
encompasses land management districts 1 
and 3 1 Kayenta^ districts 2 and B; and 
Winslow, 5 and 7* On the eastern end of 
the reservationj the discrepancies ate 
greater. The Fort Defiance Service Unit 
includes districts 17 * 18, and part of 

i 

. 14; Chinle, 4, 10, lli and part of 9; 
Gallup'-Tohatchi* 16 and part of 14 1 Ship- 
rock, part of 9 and all of 12, 13, and 
19; and Crownpoint, district 15, Another 
impediment to our analysis is that ade- 

EKLC 



quate economiG data from districts 15^ 16/ 
and 19 are lacking; they do not appear in 
the biplot (Figures 5 and 6) » 

Data for the variables related to 
mortality and fertility are obtained from 
IHS publications (U.S. Public Health Serv-' 
ice 1970a, 1970b) ^nd are derived from 
birth and death certificates of Indians 
residing in the service units in calendar 
years 1968 and 1969* The vast majority of 
theea Indians are Navajos# but undoubtedly 
members of other tribes are represented 
from time to timet There is no way to 
exclude non=-Navajos from the calculation • 
Fortunately for our analysis, the number 
of non--Navajos is very small aompared to 
the Navajos, so that their inclusion in 
the data represents no problem. 

The variables listed in Table 7 are 
for the most part self -explanatory * Me- 
dian birth weight is that birth weight (in 
grams) which 50 percent of the newborns 
are above and 50 percent below* Birth 
order refers to the number of births a 
woman has had, including as the last the 
child whose certificate is inspected* The 
median birth order, then, is the number 
of previous births to women delivering in 
1968 and 1969 which divides the population 
of newborns in half. High median birth 
order means that the women in that particu- 
lar area have already had many children* 

Median age of mother and father is 
the age which divides the groups into 
equal halves by age. Median age at death 
is the same way of dividing the group of 
the people who died. Low median age at 
death reflects a high infant mortality 
rate. The category "proportion of fathers 
unknown'' refers to the many birth cei'tifi- 
Gates on which the name of the father is 
not recorded* Infant mortality is cal* 
culated as the number of childrGn dying 
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Tabk 1: Vital Utm Ol Navajo Borvict Unit PopulationSj 1960-^9 



Death Rate/If 000 Population 



' in 



Service 
Unit 


Meii an 

Weifnt 
grap) 


Median 

0^ T't-h 

Butn 
Order 


Mt^ ' > an 
A(ju 'if 
Mother 


Median 
Agi of 
Father 


Median 
AgB of 
Death 


Percont 

of 

f y Cue Is! 

Unknown 


of Miles 
Among 

Who Diid 


Tnfflnl" 

Haitality 


Percent 

on 
Waifafs 


ACeident 


Crude 


Infectious 


Crude 
lirth 
Rate 


Chinle 


3221 


i3 


26J 


30, ? 


32.9 


U.2 


60.8 


44.0 


17.6 


1.7 


6.9 


0,9 


38.5 


Crownpoint 


3127 


3.4 


26.3 


2hi 


4L4 


17,4 


59.1 


57,0 


15,3 


2,0 


7,2 


D.6 


29.3 


Fart Defiancf 


318S 


3.5 


25.6 


29.2 


40,5 


17,0 


67.0 


35.6 


17.5 


1.9 ^ 


7,0 


0.3 


37.2 


Gillup 


3133 


3.4 


25.6 


294 


42J 


26.3 


56.5 


39.4 


19.3 


1.1 


l,i 


0,3 


27.9 


Kayenta 


3204 


6.0 


28.7 


32J 


5.0 


3,6 


54,0 


74.9 ^ 


21.3 


1.4 


?.o 


1,0 


42.3 


Shiprock 


327i 


4.1 


26.5 


30, 6 


28.0 


24,4 


63.0 


65,5 


e,4 


1,5 


5.6 


0.6 


26.4 


Tuba City 


3257 


4J 


27.9 


30. ? 


16.0 


17.3 


51,5 


53.2 


30.5 


1.9 


8.2 


1.2 


57.3 


Winilow 




4.2 


ILl 


31J 


49,0 


11.8 


60,4 


334 


30,9 


1.0 


5,1 


0.4 


21. J 


Cgordinatai 
multipliad 
by (actor oE: 
(for biplot! 


1 


50 


50 


50 


2 


5 


10 


2 


10 


100 


50 


100 


5 
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below the age of one year par 1,000 live 
births in that year. 

It is important to note chat none of 
the Variables listed go far require knowl- 
edge of the eize or compositjLon of the 
population of the service unitg. They are 
all calculated by reference only to birth 
and death certif icates. Km raporting of 
these vital events is as valid as in most 
rural parts of the United States, we may 
have some aonfidence in their complete- 
ness* The variables to be diBeussed below 
are all rates that can only be calculated 
if the population of the sarvice unit is 
known, which makes tham somewhat more 
problematic , 

The proportion of Navajos on welfare 
was calculated by (1) aicertaining how 
many individuals in each reiervation chap- 
ter received BIA welfare support (as in 
part II) J (2) aggregating chapters into 
IHS service units; and (3) determining 
the proportion of the total service unit 
population receiving this form of support- 

Similarly, estimates of the service 
unit populations are needed for the compu- 
tation oi death rates per 1,000 population 
crude death rate is the number of deaths 
per 1#000 population, and as the' fact of 
death is relatively well reported, this 
rata represents less of a problem than 
the other two rates. The degree of ac- 
curacy of death rates due to infectious 
diseases and accidents depends on reports 
of not only the fact of deaths but the 
cause as well. Determining cause is 
always a problem, even if broad cate^ 
gories such as these are chosen* Hence a 
greater amount of uncertainty is involved 
in the death rates due to infectious dis- 
eases and accidents. Crude birth rates, 
like crude death rates ^ depend on knowing 
simply the fact of birth and calculating 
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a rate per 1,000 population, The feport* 
ing of births on the Navajo Kesarvation 
is as good as it is in most rural areas. 

Aa discussed above, the population 
data prfisent serious problems, BiA eatim- 
ates of resident population of the Navajo 
Reservation do not agree at all with the 
figures reported by the U.S* Census Bureau* 
We have chosen to rely more heavily on the 
BIA information # but the IHS is required 
to base its population estimates on data 
provided by the Census Bureau* Moreover , 
the BIA ^pulation figures are provided 
for BIA designated areas (land management 
districts and agencies) and not for IHS 
service units. 

Analysts in the IHS have used the 
U.S, census data for the reservation to 
estimate the siie of each service unit 
population* (The IHS estimates were 
kindly provided to us by Mr, Mozart 
Spector.) We have already noted that 
the count seems to be too low, but it is 
probable that the errors in the enumeration 
procedures were about the same throughout 
the reservation, and therefore the propor- 
tionate distribution is probably more ac- 
curate than the absolute number provided. 

The procedure we have followed is to 
use the proportionate distribution of pop-" 
ulation as estimated by the IHS and to 
apply the percentage figures to the number 
for the total resident population as we 
have eKtrapolated it from the BIA estim- 
ates. As we are interested in relative 
differences between areas, the over- and 
under**estimation of the denominators (i.e., 
the total population) is not quite as 
significant as it would be were we seeking 
to calculate absolutely accurate rates* 
We must assume, however, that the errors 
that did occur in the enumeration were 
equally large in all service units* 
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One way to chedk the accuracy of our 
estimates of population is to compare the 
population distribution as tistimated by 
the IMS with that calculated by aggregat- 
ing land manageinent district populationg 
into IIIS service units. It appears that 
the estimates agree fairly well (Table 8) , 
Given the inadequacies of the data collec- 
tion syateme , the ad hoc nature of the es-^ 
timations; and the fluidity of the popula- 
tion, the faot that the proportions are so 
close to one another is very encouraging* 

One major source of disagreement 
between the BIA and IHB estimates is that 
the latter includes a number of off^ 
reservation comrnunities within its service 
unit bQundarieS, The moat important of 
these arc^ the Gallup and Wins low service 
units, which inelude within their aervice 
populations a significant number of In^ 
dians residing in the border towns of 
Gallup, New Mexico, and winslow, Arizona 
respectively* For instance, the IHS 



Tabla^Si Estimated Population 

Distribution in Percent 



ServicG 
Unit 



Indian 
Health 
Service 



Bureau of 
Indian 
Affairs 



Chinle 


13.4 


17-7 


Crown point 


9.5 


5.8 


Fort Defiance 


12. 2 


15. 9 


Gallup 


19.5 


13.3 


Kayenta 


5.8 


7.8 


Shiprock 


24*2 


23.5 


Tuba City 


6.6 


7.9 


Winslow 


8.8 


7.2 


TOTAL 


lOQ.Q 


99.1 



estimate of. the Gallup Service Unit pop- 
ulation Includes a higher proportional 
representation than is derived from the 
BIA estimates (Table 8). For this reason, 
we have used the IHS eatimates of popula- 
tion distribution whan computing birth 
and death rates* 

Results 

The rates calculated for the various 
IHS service units are presented above in 
Table 7 and, as in Part 11, the data are 
graphically displayed in two views of 
the biplot (Figures 7 and 8) * Because 
of the lack of variation in certain vari- 
ables^ some arrows are very short f in 
such cases we have multiplied the coor*- 
dinates by the factors listed at the bot- 
tom of Table 7, Figure 7 displays the 
projection whieh explains most (about 94 
percent) of the variance in the data* 

Close inspection reveals, however, 
that the Tuba City population appears in 
this projection to have a lower'-than- 
average death rate from accidents? whereas 
reference to Table 7 indicates that the 
rate is actually quite high. Figure 7 
is instructive nonetheless. For instance # 
it seems clear that Tuba City and Kayenta 
differ from the other areas by having in 
general above-average values for variables 
related to fertility and mortality, Wins- 
low ^ on the other hand, seems to be at the 
other extreme with much lower rates. 
Crownpoint has an unusually high death 
rate from accidents* 

One useful way to begin to visualise 
the distribution of the biplot arrows and 
dots in three dimensions is to imagine 
that one is standing at the end of the 
vector which represents median birth weight 
and is looking along it to the point of 
origin of the arrows. The view would be 
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Figure i\ Biplot Display of Vital Ratee and Service Units Showing 
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that shown in rigure 8. Tha vector rep- 
resenting birth weight is now very mush 
fereshortanad beaaiise it is pointing al- 
most directly towards the viewar. Like- 
wise , tha vector for aecident4il death 
rataa is also forashortanad because it 
points almost directly away from the 
viewar. All the othar points and vectors 
are fanned out around ^a origin. We 
notice that in general those variables 
relatad to fertility and crude death rate 
that were highly correlated in Figure 7 
are still highly correlatad here* Tha 
excaption is infant mortality , which now 
projects balow the plane represented by 
Figure ?• 

In Figure B, Tuba City and Kayenta 
are still above-average for tha variables 
related to crude daath rata and high 
fertility. It is also true, howavar, 
that Shiproek and Tuba City, which in 
Figure 7 ware rathar close together , are 
now widely separated ^ primarily as a 
result of the differences in their re- 
ceipt of general welfare assistance. 
This variabla was included bacausa it 
was the only economic one for which 
values could be readily calculated for 
all service units. 

While the different patterns of fer- 
tility are relatively clear cut (e.g.^ 
high fertility rates in Tuba City and 
Kayanta), those for mortality are less 
so. For aKample# Tiiba City has a higher 
crude death rate and lower infant tmt- 
tality rate than Kayanta, Moreover, other 
areas, specifically Crownpoint, Chinla, 
and Fort Defiance, have crude mortality 
rates almost the same as that of Kayenta, 
but lower fertility and infant mortality. 

It is also clear that Chinle and Fort 
Defiance generally resemble one another 
except for higher infant mortality in the 
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former area* Gallup and Crownpolnt plot 
close to one another in Figure 7 and are 
more widely separated in Figure 8i the 
difference is accounted for largely by 
the higher Infant mortality rate at 
Crownpoint, which may reflect harsher 
rural living conditions there than in 
the rest of the Gallup Service Unit. 

Aeeidents are problematic* They 
are the single most important causa of 
mortality, manmade or otherwise, on tha 
reservation. We would have expected them 
to correlate negatively with infectious 
diseases. That expectation was based on 
the hypothasis that areas high in infec- 
tious disease are at an earlier phase in 
the demographic and epidemiologic transi- 
tions and therefore have lower rates of 
manmade and degenerative diseases. Our 
expectation is partially borne out inas- 
much as, with one exception, the highest 
accidental death rates are found in Crown- 
point, Fort Defiance, and Gallup, all of 
which are near the city of Gallup* Tuba 
City is tha exception. It is in a remote 
area where we would not have expected high 
rates. In Tuba City, there is a major 
north-south highway with numerous bars 
and liquor stores at the points where it 
crosses the reservation boundary. The 
Tuba City data suggest that when exposure 
to the risk of accidents increases in 
areas relatively unpenetrated by tha 
larger society, tha accident rata may 
increase independently of other changes 
in the causes of mortality. 

The pattern of crude death rates 
shows that they are lowest in the Gallup, 
Shiproek, and Winslow Service Units, all 
of which include major of f "reservation 
centers or economically developing ressr^ 
vation communities. There is a tendency 
for high crude death rates to bii nega- 
tively correlated with the proportion of 
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men among those dying. In other words, 
the lower the death rate, the more likely 
is it that male deaths outnimiber female 
deaths. In addition, and not surprisingly, 
the higher the death rate, the lower the 
median age at death. 

Finally f we may take a more sonserv'-^ 
ative position and look only at those 
variables that do not require knowledge 
of population siie for their estimation. 
The median age of parents and the median 
birth order are highly correlated and may 
be taken as an index of high fertility 
(high median birth order) caused by ^con- 
tinued childbearing to relatively older 
parents. This cluster is positively oor- 
related with infant mortality and nega- 
tively correlated with the oluster rep= 
resenting (1) median age at death (high 
median age at death suggests low infant 
mortality) I {2} proportion of fathers 
unknown; and (3) proportion of males 
among those dying . 

Notice that the cluster of dots 
representing populations with high fer- 
tility and low median age at death (i.e., 
high infant mortality) corresponds to 
service units on the northern and western 
part of the reservation: Tuba City, 
Kayenta, and to a lesser degree Shiprock. 
Those populations with low fertility, 
low infant mortality (high median age 
at death) , a high proportion of unknot 
fathers , and a high prpportion of men 
among those dying are for the most part 
located in the southern and eastern por- 
tion of the reservation i Gallup, Fort 
Defiance, Winslow and, to a lesser extent, 
Chinle. 

Of particular interest is a calcula-- 
tion using the estimates of crude birth 
and* death rates to compute a rate of 
natural inereaie for each service unit 



population (Table 9) • The Tuba City and 
Kayenta areas clearly have much the high- 
eat rates of growth as a result of the 
generally high fertility of the population 
CQmpared to relatively low mortality. 

Discussion 

The patterni of mortality and fer- 
tility revealed by this analysis are not 
as clearly defined as we might have wished - 
In large measure this is a result of hav- 
ing to work with relatively small nundDers 
representing a short period of time , which 
produce rates that may fluctuate widely. 
It is also a reflection of the fact that 
demographic and epidemiologic changes do 
not proceed in as orderly a fashion as 
the investigator might wish. Nonetheless, 
soma patterns do stand out. 

The northwestern part of the reserva- 
tion (Tuba City and Kayenta Service Units) 
tends to have a population that has above 
average fertility and mortality. There is 



Table 9 1 Rates of Natural Increase 
by Service Unit, 1968-69 



Service Unit 



Rate per 1,000 
Population 



Chinle 
Crownpoint 
Fort Defiance 
Gallup 
Kayenta 
Shiprock 
Tuba City 
Winslow 



31.6 
22,1 
30,2 
22.1 
35.3 
20.8 
49,1 
23,1 



Crude birth rate minus crude death rate 
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a strong (though ndt per f est) correlation 
among 'Infant mortality i crude death ratai 
crude birth rate^ and indioators of child^ 
bearing at older ages (high median age of 
parents and high median birth order) , 
This area, as noted previous ly? tends to 
be most involved in subs is tense livestock- 
raising subsidised by welfare support. 
Moreover, the pattern is not new, Kluok-- 
hohn and Leighton (1946 i 18) observed in 
the late 1930s and early 1940s thati 
"the birth rate appears to be appreoia- 
bly higher in western areas, where live^ 
stock econoiny g plural marriages , and 
matrilacal residence prevail," This 
regional pattern of fertility variation 
on the reservation has also been reported 
elsewhere (Kuniti^ 1973, 1974b) using 
other sources of data. 

Crude mortality rates tend to be 
lowest in service units that include 
major off ^reservation centers of economic 
activity (Gallup and Winslow) or a develop-- 
ing reservation community (Shiprock) , 
Though there is a tendency for crude mor- 
tality to be correlated* with accidental 
death rates , the correlation is not very 
strong. It may well be that in these 
areas the major killers of the recent 
past — the infectious diseases=-have waned, 
and accidents, though important, have not 
yet achieved the same lethality* It is 
also true that the area with highest 
mortality, Tuba City, has simultaneously 
one of the highest accident death rates 
and the highest rate of death from infec- 
tious diseases-^-^the worst of both possible 
worlds* In most areas of the reservation, 
however, a rough pattern appears to be 
emerging in which infectious diseases 
are being replaced in importance by acci^ 
dents* With the notable exception of 
Tuba City, these patterns are related to 
prevailing economic conditions in differ^ 
ent parts of the reservation. 



As noted above, it is significant 
that in thosa areas with the lowest amdm 
death rates., men represent a higher pro*^ 
portion of those dying than do women* 
This is not due to an unequal distribu- 
tion of males in these areas, but is a 
reflection of a more general phenomenon 
occurring during the transition process i 
higher mortality of males than females* 

The proportion of unknown fathers is 
highest in areas most dependent on wage- 
work* There are several possible explan^ 
ations- The most obvious is that those 
areas are the most disorganised and have 
the highest proportion of broken or in- 
complete families, A less obvious explan^ 
at ion is that many young women all over 
the reservation have children as a result 
of relatively casual unions* In those 
areas where childbearing continues longer, 
^men tend to marry and develop stable 
families * Thus , it is not social dis- 
organisation but the termination of child- 
bearing earlier in the reproductive years 
that may account for the higher proportion 
of unknown fathers, A third possible 
explanation is that unmarried mothers 
on the western side of the reservation 
are less reluctant to name the father 
of their child than are unmarried women 
farther to the east. These explanations 
of course are not mutually exclusive. 
Unfortunately f our data are not adequate 
to resolve this issue. 

We notice a high correlation among 
service units between age of father and 
median birth weight, A possible eKplana- 
tion is that children born to women living 
in intact families with older and perhaps 
more responsible husbands receive better 
nutrition than women who may not be living 
in such favorable circumstances* That 
birth weight does not predict the rate of 
infant survival, at least at the aggregate 
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level # suggests that the harsh living aon* 
ditions in areas dependent primarily upon 
a lubsistanca livestock econoiny have a 
more eignificant impact on infant mortal^ 
ity at present than does prenatal care. 

We must point out one apparent dis- 
crepancy. Districts 5 and 1 , which make 
up much of the winalow Service Unit , have 
been shown in Part II to have economic 
characteristics similar to those of other 
communities on the western portion of the 
reservation. Nonetheless, the data relat- 
ing to mortality and fertility suggest 
that this population is similar to those 
further east. Although conclusive evi- 
dence is lacking, we believe that this 
is explained by the inclusion of the bor^ 
der town of wlnslow, Arizona, within the 
service unit boundaries. It is likely 
that the Indian residents of this commun'^ 
ity have mortality and fertility patterns 
much like t^se of Indians in economically 
developed areas, which results in a sub- 
stantial shift in mortality and fertility 
rates ^ 

In suminary, there is some evidence 
that populations in different areas of 
the Navajo Reservation are at different 
phases of the epidemiologic and demo^ 
graphic transition. With some eKceptions# 
there seems to be reasonable evidence that 
in those areas most involved in the wage 
economy the causes of mortality haye begun 
to shift from infectious diseases to those 
that are of manmade etiology. As a result, 
mortality rates have declined and with 
them fertility rates as well. In areas 
where the population is still largely 
dependent on subsistence livestock rais- 
ing^ mortality is still higher than elne- 
where, particularly in the younger age 
groups. As a result^ fertility is also 
still high, and the evidence suggests 
that this is a result of continued 



childhearing later in ^ the reproductive 
years * 

The persistence of continued high 
fertility ratas on the western end of the 
reservation, while crude mortality rates 
have fallen somewhat, has caused higher 
rates of natural increase in the west than 
the east* Limited economic opportunities 
coir^ined with population increase have 
served to further impoverish the popula- 
tion by reducing per capita income* 

In conclusion, we make the following 
observations. Patterns of mortality and 
morbidity among Indians are changing such 
that host factors of a psycho-social na- 
ture are becoming of increasing signifi-* 
cance. This is particularly noteworthy 
in regard to accidents , which have in- 
creased both in absolute and relative 
importance. The kind of curative medicine 
practiced so suaoessfully in the past is 
inadequate to deal with the understanding 
and prevention of this cause of death and 
disability. New approaches toward improv-- 
ing health care need to be developed. 

The rata of growth of the Indian pop-- 
ulation is twice that of the non-^Indian 
population. In some counties in the South^ 
west this has led, or will lead, to an 
Indian majority which may well control 
local political offices (Stucki 1971) . 
At the same time, the number of Individ* 
uals entering the job market each year is 
greater than the nmnber of new jobs cre- 
ated (Robbina 1975), With fertility now 
the major determinant of population growth, 
the issue faced by the Navajo Tribe is 
much like that faced by other developing 
nations I to what degree ought population 
growth be encQUraged or discouraged? And 
what efforts should be made or not made in 
the area of family planning? Our data sug^ 
gest that if economic development proceeds 
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across the resarvationr birth rates are 
likely to drop regardlesi of policy posi^ 
tions taken by advocates for or against 
family planninf programs. To the degree 
that some areas remain isolated from such 
employment possibilities # fertility is 
likely to remain higher than elsewhere r 
welfare support will continue to be of 
major signif icanoe , and emigration will 
be the only means of obtaining a more 
nearly adequate income* 



APPENDIX 
READING THE B I PLOT 

In Figurea 5 and 6 we have displayed 
the biplot-^-the land management districts 
being represented by ni^mbered dots and the 
variables by lettered blunt-'tipped arrows. 
The eonfiguration of the dots represents 
the similarities and differences of the 
land management districts in terms of the 
variables. Thus, two elo^e dots indicate 
that the corresponding land management 
districts are similar on all variablas* 
Dots which are far apart on the biplot 
indicate that the land management dis- 
tricts concerned must, differ aonsiderably 
on at least one and possibly many of the 
variables. 

The direction of the arrows reflects 
the corralation of the variables concerned 
in the following manner. If two arrows 
have a small angla^ between them^ the two 
variables they represent are highly cor-- 
related! that is, they are both high on 
the same land management districts and 
low on the sama other land management 
districts. If, on the other hand, two 



variables are negatively correlated in 
that the land management districts on 
which one is high have low values on the 
other variable^ then the biplot arrows 
should point in opposite directions or 
at least subtend on obtuse angle* In 
the intermediate situation ^ lack of cor- 
relation is represented by a right angle. 

It might be added that the lengths of 
the arrows are proportional to the varia- 
bles' standard deviations, but this is not 
very informative in the present conteKt in 
which different variables are measured in 
quite different units. 

The juxtaposition of the land manage-^ 
ment districts (dots) and the variables 
(arrdwif) reJletfts the actual values of the 
original observations T (The joint plot« 
ting of districts and variables leads to 
the name of the technique # the biplot.) 
To reconstruct a particular district's 
observation on a given variable (as meas-^ 
ured from that variable's mean — the entire 
biplot is in terms of variation about 
means) , drop a perpendicular from the dot 
to the straight line through the arrow and 
measure its distance from the biplot cen-^ 
ter. Multiply this by the length of the 
arrow and add a minus sign if the perpen^ 
dicular falls in the direction opposite to 
the arrow. This multiplication reproduces 
the biplot approximation of the original 
data (as deviations from the mean) , This 
is useful not so much in reproducing the 
data matrix but in interpreting clusters 
of dots in the following way. 

A cluster of dots is a group of land 
management districts with similar obsarva- 
tions on all variables. It is usually of 
interest to identify the variables on 
which this cluster differs from the aver= 
age or from another cluster. This can be 
done on the biplot by looking for arrows 
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which point in the requisite direetion 
(that is , from center to cluster or from 
one eluster to another) . The variablei 
represented by these arrows are the ones 
which account for the differences between 
the clusters (K,R. G&briel, personal com- 
munication, 1975). 

Farcant variance explained is the 
proportion of the total variability ac- 
counted for by any particular two- 
dimensional biplot display. The planes 
displayed in this report are the ones that 
explain moat of the variance in the data. 

Figures 5 and 6 on the one hand and 
7 and 8 on the other have been labelled 
slightly differently* In Figures 5 and 6 
there are two scales ^ G and H, G refers 
to the scale used for plotting the units 
(land managament districts) ^ H is the 
scale for the vectors (arrows) represent'^ 
ing the variables. In Figures 7 and 8 
the G and H labels were left off and the 
scales simply labelled as either vector 
(referring to the variables) or unit (re^ 
f erring to the geographic units , in this 
case IHB service units) . For a more 
complete discussion of the biplot ^ see 
Gabriel (1971 ^ 1973) and Gabriel et al. 
(1974)* 
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GLOSSARY 



acculturation 



age^ad j us tment 



cansumption group 



correlations 



edification in one 
culture eaeulting 
from Gontact with 
another 

a process of standard- 
iiation wheraby popu- 
lationi with different 
age structures may ba 
compared in such a way 
that the affects of 
age differences are 
controlled 

in the Human Depend- 
ency Survay ^ this was 
the name given to the 
unit which shared eco-^ 
nomic resources i most 
likely a family unit 
residing undar the 
same roof 

statistical measurea 
of association between 
variables I a positive 
corralation means that 
units (such as land 
management districts) 
with high values on 
one variable (such as 
proportion of men in 
non-'traditional employ- 
ment) are also high on 
another variable (such 
as proportion of women 
in non-traditional 
employment) ; a nega- 
tive correlation be- 
tween variables means 
that units high on 
one variable are low 
on another 



degenerative 
disaase 



DHEW 



etiology 



fertility rata 



HSMHA 



hypercholesterol- 
emia 



hypertension 
ischemia 



lethality 



usually applied to 
diseases charaQtair" 
iged by chronicity 
and deterioration in 
function; moat coin- 
monly found among the 
elderly 

Department of Hatlth, 
Education* and ^^elfare 

all of the causes of 
a disease or abnormal 
condition 

the number of births 
par population^ Grude 
fertility rate is the 
number of births per 
1,000 population 

Health Barvicas 
and Mental Health 
Administration 

eKceasivaly high 
levels of serum 
choleeterol 

high blood prassure 

local and temporary 
anemia due to obatruc'- 
tion of circulation 
to a part 

capable of causing 
death 



malignant neoplasm a cancer that is resiat-^ 

ant to treatment* tends 
to grow worse? and is 
likely to cause death 
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matrilacal 
residanee 



modality 



morbidity 



refers to afeildenaa 
pattern in whleh the 
hQueahald or group of 
eeoparating bous^olds' 
CTntains an older 
TOtipla, their unmar- 
ried children r and 
their married daugh- 
ters and their 
f^iliee 

a therapeutic agent 
or taohnique 

the relative inoidence 
of diseaae 



MIH 



polygyny 



sequelae 



population tcrud© 
mortality rata 
is the number of 
deaths per 1|000 
populatlsn) 

National Institutes 
of Health 

the practice of having 
more than one wife or 
female mate at a tiine 

plural of sequela I an 
after-effect of dis- 
ease or injury 



mortality 



a. the number of 
deaths in a given 
tiroe or plaoe 

b. the proportion of 
deaths to total 



serum cholestercl 



the amount of oholes^ 
terol per unit (for 
instance I milliliter) 
of blood 
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